complete elimination of on-center responses mediated by rod, but not cone, photoreceptors. These data directly prove that electrical synapses provide a critical function in the propagation of rod signals across the mammalian retina.
Results

␤-Gal and PLAP Are Expressed in at Least Five Different Retinal Cell Types
To precisely define the types of retinal neurons expressing Cx36, we examined expression of reporters in heterozygous mice from the Cx36 knockout (KO) line (Deans et al., 2001 ). In these animals, the Cx36 coding sequence is replaced with a bicistronic reporter cassette containing ␤-galactosidase (␤-gal) and human placental alkaline phosphatase (PLAP). ␤-gal is a cytoplasmic protein and thus preferentially labels neuronal cell bodies. PLAP is myristylated and associates with the plasma membrane, thereby labeling neuronal processes. Together, these markers provide a number of criteria for identification of Cx36-positive neurons.
␤-gal was detected in cell bodies within all nuclear layers and in processes extending throughout both plexiform layers (Figure 2A PLAP expression was generally consistent with that of ␤-gal. However, the PLAP reporter was not fully penetrant and thus did not label all neurons within a particular class ( Figure 3A ). Although PLAP staining was evident in the ONL, individual neurons could not be visualized. Thus, while PLAP staining was consistent with rod photoreceptor expression of Cx36, it could not be used to resolve the possibility of cone expression. In contrast, 
Junctional Coupling Is Disrupted in the Cx36
KO Retina
We used two independent methods to evaluate junctional coupling in the wild-type (WT) and Cx36 KO retina. The first method was based on the proposal by Cohen and Sterling (Cohen and Sterling, 1986) that glycine concentrated by glycinergic amacrine cells could diffuse through gap junctions and accumulate to detectable levels in CBs to which they are coupled. In support of Normalized responses of WT and KO ganglion cells were plotted as intensity-response functions in Figures  6B and 6C . Strikingly, we found that each cell in WT retina (n ϭ 63 from 30 retinae) could be grouped into one of four physiologic classes based on these data ( Figure 6B ). The intensity-response functions of three of these classes were well fit by a Michaelis-Menten function. Using 5% of maximum response as a threshold criterion, the highest sensitivity cells responded to 0.04 Rh*/rod/s, within the theoretical range for rod photoreceptor threshold sensitivity (Barlow et al., 1971). Response from intermediate sensitivity cells initiated at stimulus levels about an order of magnitude higher, and the least sensitive cells showed response thresholds of about 30 Rh*/rod/s. Most high sensitivity ganglion cells continued to respond to brighter lights, but the amplitude of these responses never increased from the maximum, saturated firing rates. In addition, a small number of high sensitivity cells showed a decline in responsiveness (data not shown) to light intensities above 10-100 Rh*/rod/s, suggesting that they may receive input exclusively from rods. It is therefore likely that the high sensitivity group can be further divided, but this issue was beyond the scope of the present study.
The fourth class of ganglion cells had a wide operating range with a biphasic intensity-response relation that could be fit by two separate Michaelis-Menten functions. These cells exhibited a threshold roughly equal to that of the intermediate sensitivity ganglion cells, but were not driven to saturation by scotopic stimuli. We occasionally encountered cells with intensity-response functions that could not be well fit by a Michaelis-Menten function (data not shown). These cells responded presented in Figure 7A . Although this cell shows sponta-SEM. Thus, cone thresholds measured by both methodologies match the response threshold of the low sensineous spiking in response to low intensity stimulus, a rhythmic response to the stimulus was only seen when tivity ganglion cells in the WT retinas and the single ganglion cell class found in the KO. the intensity level was raised above cone threshold. The emerging 10 Hz peaks in power spectra of response trains from this cell were plotted. Threshold was deterDiscussion mined using 5% of maximum response ( Figure 7C , filled circle) and compared to the KO threshold (open square).
We generated a line of KO mice in which the Cx36 coding sequence was replaced with two histological reporters. The mean threshold from eight WT cells was 31.4 Rh*/ rod/s Ϯ 1.1 SEM.
The "knockin" strategy avoided significant obstacles in identifying the cells expressing Cx36 and revealed its In the second method, cone responses were isolated using paired-pulse stimulation in which rod responses expression in a diverse set of retinal neurons. The KO retina displayed a complete loss of rod-mediated, but were temporarily suppressed using saturating flashes of light (Lyubarsky and Pugh, 1996) (Figures 7D and 7E) . To assess ganglion cell number, whole-mount WT (n ϭ 3) and KO Retinas were then washed in phosphate buffer and soaked in a solution of 0.18% hydrogen peroxide in methyl alcohol for an hour. (n ϭ 3) retinas were prepared as described above and stained with DAPI to visualize nuclei and for choline acetyl transferase (CAT) This treatment completely abolished the endogen peroxidase activity. Retinas were then washed in phosphate buffer and reacted with using antibodies (Chemicon) to control for eccentricity (Jeon et al., 1998) . Micrographs of the ganglion cell layer were taken and cells the Elite ABC kit (Vector Laboratories, Burlingame, California) and 1% Triton X-100 in 10 nM sodium phosphate-buffered saline (9% (‫/005ف‬field) were counted in 3-4 fields from each retina. saline, pH 7.6). Retinas were subsequently processed for peroxidase histochemistry using 3,3Ј-diaminobenzidine (DAB) using cobalt for PLAP Histochemistry intensification. Retinas were then dehydrated and flat-mounted or Mice were anesthetized and perfused as described above using 2% sectioned for light microscopy. 
